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Patient response to the anti-tumor drug 5-fluorouracil (5-FU) is variable, but predicting the response rate is important for the selection 
of effective chemotherapy.  Our aim was to identify alterations in DNA copy no. that influence susceptibility of cancer cells to 
5-FU-based drugs.  The NCI public database was used to identify chromosome loci assocd. with drug sensitivity and DNA copy no.  
One of the 11 candidates, the cytogenetic band 1p21.3, harbors the dihydropyrimidine dehydrogenase (DPD) gene.  To validate this 
finding, the DPD copy no. and in vivo sensitivity to 5-FU-based drugs were detd. in 31 human tumor xenografts.  Those xenografts 
demonstrating low sensitivity had significantly higher DPD copy nos. than highly sensitive tumors (P < 0.002).  Moreover, DPD mRNA 
expression levels were significantly correlated with DPD copy nos. (P < 0.046).  An assessment of copy no. may be a more precise 
method of predicting the sensitivity of cancer patients to 5-FU related drugs.
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Capecitabine is converted into 5'-deoxy-5-fluorocytidine (5'DFCR), 5'-deoxy-5-fluorouridine (5'DFUR) and 5-fluorouracil (5-FU) by 
CES1 and 2, CDD, and TP, in both liver and tumor. 5-FU is catabolized by DPD.  Gene expression anal. of these enzymes was 
undertaken in fresh human hepatocytes, mouse liver, colorectal cancer cell lines and xenografts.  Cell lines with low CDD expression 
(<1.5) had 5'DFCR/5'DFUR cytotoxicity ratios >2 and cell lines with TP/DPD < 0.6 had 5'DFUR IC50 > 50 μM (SRB assay).  A 
pharmacokinetic/pharmacodynamic study in nude mice bearing HCT 116 xenografts and treated with capecitabine by oral gavage 
assessed pharmacokinetic, gene expression and antitumor activity.  Low liver CDD correlated with high 5'DFCR plasma concns. in 
mice.  CDD expression was .apprx.100-fold higher in fresh human hepatocytes than mouse liver, explaining the higher plasma 5'DFUR 
concns. reported previously in humans.  Tumor 5-FU concn. correlated with TP/DPD and with tumor response.  These studies identify 
the potential utility of gene expression anal. and drug monitoring in tumor in patients.
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A reverse-phase high-performance liq. chromatog. method with electrospray ionization and detection by mass spectrometry is 
described for the simultaneous detn. of capecitabine, its intermediate metabolites (DFCR, DFUR) and the active metabolite 
5-fluorouracil in mouse plasma, liver and human xenograft tumors.  The method was also cross-validated in human plasma and human 
tumor for clin. application.  The method has greater sensitivity than previously published methods with an equiv. accuracy and 
precision.  It uses less biol. material (plasma, tissue) and should therefore be applicable to biopsies in patients treated with 
capecitabine.
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The development of a diagnostic method for predicting the therapeutic efficacy or toxicity of anticancer drugs is a crit. issue.  We 
carried out a gene expression anal. to identify genes whose expression profiles were correlated with the sensitivity of 30 human tumor 
xenografts to 5-fluorouracil (5-FU)-based drugs (tegafur + uracil [UFT], tegafur + gimeracil + oteracil [S-1], 5'-deoxy-5-fluorouridine 
[5'-DFUR], and N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine [capecitabine]), as well as three other drugs (cisplatin [CDDP], 
irinotecan hydrochloride [CPT-11], and paclitaxel) that have different modes of action.  In the present study, we focused esp. on the 
fluoropyrimidines.  The efficacy of all anticancer drugs was assayed using human tumor xenografts in nude mice.  The mRNA 
expression profile of each of these xenografts was analyzed using a Human Focus array.  Correlation anal. between the gene 
expression profiles and the chemosensitivities of seven drugs identified 39 genes whose expression levels were correlated 
significantly with multidrug sensitivity, and we suggest that the angiogenic pathway plays a pivotal role in resistance to 
fluoropyrimidines.  Furthermore, many genes showing specific correlations with each drug were also identified.  Among the candidate 
genes assocd. with 5-FU resistance, the dihydropyrimidine dehydrogenase mRNA expression profiles of the tumors showed a 
significant neg. correlation with chemosensitivity to all of the 5-FU based drugs except for S-1.  Therefore, the administration of S-1 
might be an effective strategy for the treatment of high dihydropyrimidine dehydrogenase-expressing tumors.  The results of the 
present study may enhance the prediction of tumor response to anticancer drugs and contribute to the development of tailor-made 
chemotherapy.
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Irinotecan (CPT-11) and doxifluridine (5'-DFUR) are active agents against colorectal cancer.  Each drug, however, has the possibility of 
causing diarrhea.  First, the authors detd. the optimal dosing regimen in murine models.  CPT-11 (i.v., q2d ×3) and 5'-DFUR (p.o., qd 
×14) were administered to mice bearing a human colorectal cancer xenograft model.  Diarrhea was stronger in the simultaneously 
administered schedule but not much stronger in the sequentially administered schedule compared with monotherapies.  Both schedules 
yielded similar antitumor efficacies.  Next, the authors conducted a phase I study combining CPT-11 on days 1 and 15, and 5'-DFUR 
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The purposes of this study were to evaluate the antitumor activity of S-1 (1 M tegafur, 0.4 M 5-chloro-2,4-dihydroxypyridine and 1 M 
potassium oxonate) on human lung tumor xenografts, as compared with other fluoropyrimidines, and to investigate the relationships 
between fluoropyrimidine antitumor activities and four distinct enzymic activities involved in the phosphorylation and degrdn. pathways 
of 5-fluorouracil (5-FU) metab.  S-1, UFT (1 M tegafur - 4 M uracil), 5'-deoxy-5-fluorouridine (5'-DFUR), capecitabine and 5-FU were 
administered for 14 consecutive days to nude mice bearing lung tumor xenografts.  S-1 showed stronger tumor growth inhibition in four 
of the seven tumors than the other drugs.  Cluster anal., on the basis of antitumor activity, indicated that S-1/UFT and 
5'-DFUR/capecitabine/5-FU could be classified into another group.  We investigated tumor thymidylate synthase content, 
dihydropyrimidine dehydrogenase (DPD) activity, thymidine phosphorylase (TP) activity and orotate phosphoribosyl transferase 
activity in seven human lung tumor xenografts and performed regression analyses for the antitumor activities of fluoropyrimidines.  
There were inverse correlations between antitumor and DPD activities for 5'-DFUR (r=-0.79, P=0.034), capecitabine (r=-0.56, P=0.19) 
and 5-FU (r=-0.86, P=0.013).  However, no such correlations were obsd. for S-1 and UFT.  These findings suggest that S-1 contg. a 
potent DPD inhibitor may have an antitumor effect on lung tumors, with high basal DPD activity, superior to those of other 
fluoropyrimidines.
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5'-Deoxy-5-fluorouridine (5'-DFUR, Furtulon) is activated to 5-fluorouracil (5-FU) by thymidine phosphorylase (dThdPase) highly 
expressed in many types of tumors.  In previous studies, we demonstrated that taxanes (paclitaxel or docetaxel) up-regulated the 
tumor levels of dThdPase and enhanced the efficacy of 5'-DFUR in human colon and mammary xenograft models.  In the present 
study, combination therapy of 5'-DFUR with taxanes in human gastric cancer xenograft models also showed, at the least, additive 
antitumor activity without significant augmentation of toxicity.  Furthermore, paclitaxel up-regulated dThdPase expression in the tumor 
tissues as confirmed with ELISA and immunohistochem.  These results suggest taxanes would potentiate the efficacy of 5'-DFUR by 
up-regulating-the tumor levels of dThdPase in gastric xenograft models.  Clin. trials of 5'-DFUR in combination with taxane against 
gastric cancer are warranted.
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Previous studies have shown that tumor response to capecitabine strongly correlates with tumor thymidine phosphorylase (TP).  The 
aims of our study were to (a) investigate the pharmacol. role of TP by measuring the pharmacokinetics (PK) of capecitabine in a 
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 The present results provide kinetic evidence that p53 function affects the response to anticancer drugs.  Preserved p53 
function tended to confer good chemosensitivity on rapidly growing tumors.  However, the p53 mutation status did not 
seem to be suitable for use as an exclusive indicator to predict the chemotherapy response of human cancer xenografts.

In contrast to findings in vitro, the clin. response to anticancer chemotherapy is not simply assocd. with the p53 mutation status.  To 
analyze the relation between the actual response of solid tumors with p53 mutation and other biol. characteristics, we used a human 
cancer-nude mouse panel of 21 lines derived from stomach, colorectal, breast, lung, and liver cancers for exptl. chemotherapy.  We 
examd. the tumor growth rates of the cancer lines and the effects of nine drugs in clin. use, namely, mitomycin C (MMC), cisplatin 
(CDDP), nimustine hydrochloride (ACNU), irinotecan (CPT-11), cyclophosphamide (CPA), 1-(2-tetrahydrofuryl)-5-fluorouracil (FT-207), 
a 4:1 mixt. of uracil and FT-207 (UFT), 5'-deoxy-5-fluorouridine (5'-DFUR), and adriamycin (ADM), on these tumors.  The 
chemotherapy response was expressed as the tumor growth inhibition rate (IR).  The genomic DNA sequences of the p53 gene in 
exons 5 through 8 were analyzed in these cancer tissues, and p53 mutations were detected in 10 of the 21 cancer lines (48%).  
Resistance to MMC was obsd. in p53 mutant tumors with smaller IRs than those for wild-type tumors (57.7% vs. 79.9%, P<0.03).  No 
significant differences were noted with the other eight drugs.  To explore the role of the p53 function in the chemotherapy response, we 
calcd. the correlation coeffs. between chemosensitivity and tumor growth rate sep. in p53 mutant and wild-type groups.  In the p53 
wild-type group, we found a pos. correlation for the following drugs: ADM (P<0.02), ACNU (P<0.007), CPA (P<0.011), UFT (P<0.012), 
and FT-207 (P<0.02).  In the p53 mutant group, only CPA (P<0.003) showed a pos. correlation.  The kinetics suggests that in the 
wild-type tumors, DNA damage caused by anticancer drugs occurs proportionally to the rate of DNA synthesis, and p53-mediated 
apoptosis is subsequently induced.  The low frequency of pos. correlation in the p53 mutant tumors is compatible with the loss of 
function or malfunction of mutant p53.
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Dependence of chemotherapy response on p53 mutation status in a panel of human cancer lines maintained in nude mice.     
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on days 3-14 and 17-28 every 5 wk in 19 patients with metastatic colorectal cancer.  The doses of CPT-11 ranged from 80 to 150 
mg/m2 and those of 5'-DFUR from 800 to 1,200 mg.  Diarrhea of grade 3/4 developed in only 1 patient at 100 mg/m2/800-mg doses.  
Dose-limiting toxicities were hyperbilirubinemia and skipping doses due to fatigue at 150 mg/m2/1,200-mg doses.  For the phase II 
study, the recommended dose was set at CPT-11 150 mg/m2 and 5'-DFUR 800 mg.
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 In nude mice xenografts of the transfected cells, treatment with 5'-DFUR had a significant antitumor effect compared to 
those of the untreated transfected cells and control vector alone treated with 5'-DFUR (p<0.01).  Intratumoral microvessel 
d. in the transfected cells was not significantly increased with or without treatment with 5'-DFUR compared to control 
vector alone.  The high expression of dThdPase was correlated with an increase in the sensitivity to 5'-DFUR in 
gastrointestinal and breast cancer cell lines.  The introduction of dThdPase cDNA in breast cancer cells enhanced the 
sensitivity to 5'-DFUR without an increase of tumor angiogenesis, and targeting chemotherapy of dThdPase may be a 
good tumor-specific and personalized therapy for improving the poor prognosis of cancer patients who show high 
expressions of dThdPase.

Human thymidine phosphorylase (dThdPase) is an angiogenic factor identical to platelet-derived endothelial cell growth factor 
(PD-ECGF).  Thymidine phosphorylase is also a converting enzyme of the prodrug 5'-deoxy-5-fluorouridine (5'-DFUR) to 5-fluorouracil 
(5-FU) in tumors.  To assess the role of dThdPase in targeting chemotherapy, we examd. the relationship between the expression of 
dThdPase and the sensitivity of 5'-DFUR in cancer cell lines, and also examd. whether transfection of dThdPase cDNA enhanced the 
drug-sensitivity to 5'-DFUR with or without angiogenesis in breast cancer cells.  Thirteen human cancer cell lines consisting of 4 breast 
cancer, 6 gastric cancer, and 3 colon cancer cell lines were used.  Expression of dThdPase was assessed by reverse 
transcriptase-polymerase chain reaction (RT-PCR) and ELISA.  In vitro drug-sensitivity was assessed by MTT assay, and antitumor 
effect in vivo was assessed using nude mouse xenografts.  Intra-tumoral microvessel d. was evaluated by immunohistochem. 
staining to factor VIII related antigen.  Transfection of dThdPase cDNA was performed using pcDNA3 expression vector encoding its 
cDNA by the lipofection method.  An inverse relationship between the expression of dThdPase and the IC50 values of 5'-DFUR was 
obsd. (p=0.1278, q=-0.440) in the 13 cancer cell lines.  Transfection of dThdPase cDNA into MCF-7 breast cancer cells resulted in an 
approx. 2.6- and 10-fold increase of the expression of dThdPase mRNA and its enzyme activity, resp., compared to the control vector 
alone.  The sensitivity to 5'-DFUR in the transfected cells was increased approx. 20-fold compared to the parent cells and control 
vector alone, and the sensitivity to 5-FU was also somewhat increased.  In contrast, the sensitivity to adriamycin, CDDP, and VP-16 
was not different between the transfected and control cells.
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human bladder tumor model that was characterized by the overexpression of TP and (b) develop the use of PK measurements for 
capecitabine by fluorine-19 magnetic resonance spectroscopy as a noninvasive surrogate marker for detg.  TP levels in tumors and 
for predicting tumor response to capecitabine in patients.  TP overexpressing (2T10) and control tumors were grown s.c. in nude mice.  
Mice were given a dose of capecitabine or 5'-deoxy-5-fluorouridine (5'DFUR). 19F tumor spectra were acquired for detn. of rate consts. 
of capecitabine breakdown and buildup and subsequent breakdown of intermediates, 5'-deoxy-5-fluorocytidine (5'DFCR) and 5'DFUR.  
The rate const. of 5'DFUR breakdown was also evaluated.  The rate const. of breakdown of intermediates was significantly faster in 
2T10 tumors than controls (P < 0.003).  No significant differences in the rate of capecitabine breakdown or intermediate buildup were 
obsd.  The rate const. of 5'DFUR breakdown in the 2T10 tumors was doubled compared with controls (P < 0.001).  This study 
confirmed the expected pathway of capecitabine metab. and showed that the level of TP was related to the rate of 5'DFUR 
conversion.  Using in vivo fluorine-19 magnetic resonance spectroscopy to measure the PK of capecitabine and its intermediate 
metabolites in tumors may provide a noninvasive surrogate method for detg. TP levels in tumors and for predicting tumor response to 
capecitabine in patients.
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It has been previously demonstrated that the angiogenic factor thymidine phosphorylase is elevated significantly in invasive bladder 
cancer.  The authors report that it is not merely an incidental finding.  Thymidine phosphorylase has a functional role in bladder cancer 
invasion.  The superficial bladder cancer cell line RT112 was transfected by retroviral techniques to generate the RT112-TP clone that 
expressed significantly elevated levels of thymidine phosphorylase, comparable to those of invasive human bladder cancers.  The 
empty vector control RT112-EV was generated for comparison.  Growth of these transfectants was examd. using a new in vitro model 
of bladder cancer invasion based on de-epithelialized rat bladder and by assessing growth as xenografts in nude mice.  The effect of 
5'-deoxy-5-fluorouridine, a prodrug activated by TP to produce 5-fluorouracil, was also examd.  RT112-TP high thymidine 
phosphorylase expressing cells invaded into the stroma of the in vitro model but wild-type RT112 and RT112-EV cells did not.  This 
invasion was abolished by 5'-deoxy-5-fluorouridine.  Invasion correlated with thymidine phosphorylase expression on 
immunohistochem. testing.  There was also a significantly greater xenograft growth rate for RT112-TP than for RT112-EV, confirming 
the malignant growth advantage conferred by thymidine phosphorylase.  The authors demonstrated that thymidine phosphorylase may 
have a functional role in bladder cancer invasion and the apparent advantage of thymidine phosphorylase expression to tumor cells 
can be exploited by therapies that utilize prodrugs such as 5'-deoxy-5-fluorouridine, which is activated by thymidine phosphorylase and 
inhibited invasion in the authors' model.
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A combination therapy with CPT-11 and 5-FU/LV has been recently established as a first-line therapy for metastatic colorectal cancer.  
However, severe adverse effects have also been reported from this combination therapy, and a modality to reduce the adverse 
effects is desired.  5'-DFUR, a pro-drug of 5-FU, shows less myelotoxicity than 5-FU, and thus it may be a better partner to combine 
with CPT-11.  However, since each drug has the possibility of inducing diarrhea, there is concern about their use in combination 
therapy.  Therefore, in the present study, our aim was to establish an optimal schedule in murine models, which shows no increase in 
diarrhea but maintains potent antitumor activity.  In non-tumor bearing mice, CPT-11 was given i.v. at 100 mg/kg/day q2d × 3, and 
5'-DFUR was given p.o. at 172 mg/kg/day daily for 14 days.  Each of these doses caused diarrhea in the single treatment.  CPT-11 
was administered simultaneously or sequentially with 5'-DFUR.  With the simultaneously administered schedule, the diarrhea appeared 
stronger than that found in the CPT-11 single or in the 5'-DFUR single treatment groups.  On the other hand, with the sequentially 
administered schedule the diarrhea was not much stronger than that found in the single agent treatment groups.  When CPT-11 and 
5'-DFUR administrations were sepd. by three-day intervals, the diarrhea was not augmented at all.  In mice bearing human colorectal 
cancer COLO 205, the antitumor activity of CPT-11 in the combination with 5'-DFUR was additive in all of the examd. schedules.  The 
efficacy in the sequential schedule was the same as in the simultaneous schedule.  These results suggest that a sequential 
administration schedule of CPT-11 and 5'-DFUR would be more tolerable than and equally efficacious to the simultaneous 
administration schedule.  Clin. study of this sequential administration in combination therapy is warranted.
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Although several combination treatments with docetaxel and other antitumor agents have been tested in exptl. and clin. studies, their 
synergistic effects are still ill-defined.  The degree of synergism between docetaxel and two oral fluoropyrimidines, Tegafur and 
5'-deoxy-5-fluorouridine (5'-dFUrd), was investigated in the KPL-4 human breast cancer xenograft model.  Because this KPL-4 cell line 
secretes interleukin-6 (IL-6) and induces cachexia, the effects of the combined treatment on serum IL-6 levels and cachectic markers 
were investigated.  In addn., the expression levels of thymidine phosphorylase (dThdPase), a key enzyme for converting 5'-dFUrd to 
5-fluorouracil, were detd.  Female nude mice bearing KPL-4 tumors were treated orally with 5'-dFUrd (60 mg/kg, five times a week) or 
Tegafur (100 mg/kg, five times a week) and by i.p. injection of docetaxel (5 or 10 mg/kg, once a week).  Although docetaxel (5 mg/kg) 
alone did not decrease either tumor growth or serum IL-6 levels, docetaxel (5 mg/kg) plus 5'-dFUrd or Tegafur enhanced tumor growth 
inhibition and decreased serum IL-6 levels more than 5'-dFUrd or Tegafur alone.  Docetaxel (5 mg/kg) alone slightly increased the 
percentage of dThdPase-pos. tumor cells, but the combined treatment with docetaxel plus 5'-dFUrd or Tegafur significantly decreased 
the percentage of dThdPase-pos. cells in the KPL-4 tumors.  These findings indicate that docetaxel may stimulate dThdPase 
expression in tumor tissues and may enhance the antitumor activity of oral fluoropyrimidines.  In addn., combined treatment with 
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The nonlinear pharmacokinetics of capecitabine, a triple prodrug of 5-FU preferentially activated in tumor tissues, was investigated in 
human cancer xenograft models.  A physiol. based pharmacokinetic (PBPK) model integrating the activation process of capecitabine to 
5-FU and 5-FU elimination was constructed to describe the concn./time profiles of capecitabine and its three metabolites, including 
5-FU, in blood and organs.  All the biochem. parameters (enzyme kinetic parameters, plasma protein binding and tissue binding of 
capecitabine and its metabolites) integrated in this model were measured in vitro.  The simulated curves for the blood and tumor 
concns. of capecitabine and its metabolites can basically describe the obsd. values.  A simple prodrug of 5-FU, doxifluridine, is known 
to be activated to 5-FU to some extent in the gastrointestinal (GI) tract, causing diarrhea, which is the dose limiting side effect of 
doxifluridine.  Consequently, the therapeutic index (the ratio of 5-FU AUC in the tumor to that in GI) after the administration of ED 
capecitabine was predicted by this PBPK model and five times and 3000 times greater than that of doxifluridine and 5-FU, resp.  This 
was compatible with the previous result for the difference in the ratio of the toxic dose to the min. ED between capecitabine and 
doxifluridine, suggesting that 5-FU preferentially accumulates in tumor tissue after oral administration of capecitabine compared with 
the other drugs (doxifluridine and 5-FU).  The 5-FU AUC in tumor tissue of human cancer xenograft models at the min. ED was 
comparable with those estd. for humans at the clin. dose.  In addn., the predicted therapeutic indexes at the resp. doses were 
correlated well between humans and mice (xenograft model).  These results suggest that the 5-FU AUC in human tumor tissue at its 
clin. ED can be predicted based on the PBPK model inasmuch as the 5-FU AUC in a human cancer xenograft model at its ED may be 
measured or simulated.
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The fluorinated pyrimidine nucleoside, 5'-deoxy-5-fluorouridine (5'-dFUrd) was shown to effectively attenuate the progress of cachexia 
in the murine adenocarcinomas MAC16 and colon 26 as well as in the human uterine cervical carcinoma xenograft, Yumoto.  Although 
concomitant inhibition of tumor growth was obsd. in all 3 models this was not sufficient to account for the preservation of body wt.  An 
attempt was made to correlate the anti-cachectic activity of 5'-dFUrd with the presence of a tumor produced proteolysis-inducing 
factor (PIF), thought to be responsible for the development of cachexia in the MAC16 model.  Two variants of colon 26 
adenocarcinoma were employed, clone 20 which produces profound cachexia, and clone 5 which produces no change in body wt. in 
recipient animals.  Mice bearing the colon 26, clone 20 variant showed evidence for the presence of PIF in tumor, serum, and urine, 
while there was no evidence for the presence of PIF in tumor or body fluids of mice bearing the clone 5 tumors.  Treatment of animals 
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studies on the day 8 combination regimen with docetaxel and capecitabine/5'-dFUrd are warranted.

Docetaxel and capecitabine are being prescribed for the treatment of breast cancer.  In this study, the authors tried to identify the 
optimal administration schedule in combination therapy with these anticancer drugs in human cancer xenograft models.  Capecitabine 
was given p.o. daily for 2 wk (days 1-14), whereas docetaxel was given i.v. on day 1, day 8, or day 15 in a 3-wk regimen to the mice 
bearing MX-1 human breast cancer xenograft.  The combination showed better antitumor efficacy than the monotherapy of either agent 
in either dosing regimen.  However, the most potent and synergistic activity was obsd. when docetaxel was given on day 8.  This 
potent effect appears to be characteristic of the combination of docetaxel with capecitabine or its intermediate metabolite 
5'-deoxy-5-fluorouridine (doxifluridine: 5'-dFUrd).  Docetaxel given on day 8 showed a potent effect in combination with 5'-dFUrd, but a 
much weaker effect was obsd. in combination with 5-fluorouracil or UFT, a fixed combination of tegafur and uracil.  Better efficacy 
was also obsd. in the MAXF401 human breast cancer xenograft and in the mouse A755 mammary tumor when docetaxel was given at 
the middle of the capecitabine or 5'-dFUrd treatment rather than other dosing regimens.  In contrast, the efficacy in WiDr human colon 
cancer xenograft was somewhat better when docetaxel was given on day 1.  One possible explanation for the synergy is that 
docetaxel up-regulates tumor levels of thymidine phosphorylase, the enzyme essential for the activation of capecitabine and 5'-dFUrd 
to 5-fluorouracil.  In fact, docetaxel up-regulated the thymidine phosphorylase levels 4.8- and 1.9-fold in the WiDr and MX-1 models, 
resp.  However, it did not up-regulate in the MAXF401 and A755 models in which a potent combination effect was obsd. as well.  Other 
mechanisms, particularly those for the synergy with docetaxel given at the middle during capecitabine/5'-dFUrd administration, would 
also exist.  Based on these observations, clin.
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docetaxel and oral fluoropyrimidines may decrease serum IL-6 levels and may ameliorate IL-6-induced cancer cachexia.
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Thymidine phosphorylase (dThdPase) is an essential enzyme for the activation of the oral cytostatic drugs capecitabine 
(N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine, Xeloda) and its intermediate metabolite doxifluridine [5'-deoxy-5-fluorouridine 
(5'-dFUrd, Furtulon)] to 5-fluorouracil (5-FUra) in tumors.  In a previous study, we found that several cytostatics were able to 
up-regulate tumor levels of dThdPase in a human colon cancer xenograft model.  In the present study, we confirmed that the 
administration of cytostatics used for breast cancer treatment, such as taxanes and cyclophosphamide (CPA), up-regulated the tumor 
level of dThdPase in mammary tumor models as well.  Because the dThdPase up-regulation was obsd. even when CPA was given 
orally, we investigated further the usefulness of combination therapy with the 2 oral drugs, 5'-dFUrd/capecitabine and CPA in 
mammary tumor models.  Daily oral administration of CPA up-regulated human dThdPase levels in the tumor tissue of mice bearing a 
human mammary tumor xenograft, MX-1, whereas in the small intestine and liver, it did not affect levels of pyrimidine nucleoside 
phosphorylases (PyNPase) including dThdPase and uridine phosphorylase.  The preferential up-regulation of PyNPase activity in the 
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The antitumor activity of etoposide (ETP) against human uterine cancer cell lines were investigated in vitro and in vivo.  The cytotoxic 
activity of ETP against HeLa S3, a human cervical cancer cell line, depended on exposure time.  The survival rate with 24 h prolonged 
exposure was reduced to about 1/200 that with 6 h exposure.  The time dependency of antitumor activity of ETP against HeLa S3 s.c. 
transplanted in nude mice was studied.  The effect of 21 or 28 consecutive days oral administration was greater than that of 5 or 14 
consecutive days.  Furthermore, a longer administration schedule was less toxic.  The antitumor activity of ETP administered orally for 
21 consecutive days was compared with that of CDDP, CPT-11 and 5'-DFUR using both human uterine cancer cell lines (TCO-1, 
SIHA, UCC08JCK) transplanted s.c. in nude mice and human uterine cancer cell lines (HeLa S3, UCC08JCK) transplanted into the 
uterus of nude mice.  ETP showed the same antitumor activity as CPT-11 and 5'-DFUR against TCO-1 and UCC08JCK, human uterine 
cancer cell lines transplanted s.c. in nude mice.  ETP also showed anticancer activity against two cell lines transplanted into the uterus.  
The growth inhibition caused by ETP administered orally at 50 mg/kg against HeLa S3 transplanted s.c. was 36.7% while that against 
the same cell line transplanted into the uterus was 58.5%.  5'-DFUR also showed the same antitumor activity as ETP.  These results 
suggest that long term oral administration of ETP is clin. useful for cervical cancer patients.
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bearing the clone 20 variant with 5'-dF Urd led to the disappearance of PIF from the tumor, serum and urine concomitant with the 
attenuation of the development of cachexia.  The human cervical carcinoma, Yumoto, which also induced cachexia in recipient 
animals, showed expression of PIF in tumor, serum and urine in control and vehicle-treated mice, but was absent in mice treated with 
5'-dFUrd.  Thus in these exptl. models cachexia appears to be correlated with the presence of PIF.
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Interferon-α (IFN-α) enhances the activity of the 5-fluorouracil (5-FU) prodrug 5'-deoxy-5-fluorouridine (5'-dFUrd) in colorectal cancer 
cells in vitro by upregulating the enzyme pyrimidine nucleoside phosphorylase (PNPase), which is responsible for converting 5'-dFUrd 
to 5-FU.  The authors examd. whether such enhancement also occurs in vivo using human colorectal xenografts in nude mice.  The 
Co-115 line has high basal levels of PNPase and the enzyme level was increased in tumors from mice treated for 3 wk with 50,000 
IU/day (5 days/wk) of IFN-αA/D.  The prodrug 5'-dFUrd (200 mg/day, 5 days/wk) had a much greater antitumor activity than 5-FU had 
when it was used at an approx. equitoxic dose (20 mg/day, 5 days/wk).  However, because of the high activity of 5'-dFUrd as a single 
agent, no enhancement by IFN-αA/D was obsd.  Studies on xenografts of WiDr cells indicated that this line is much less sensitive to 
5'-dFUrd.  However, treatment of animals with IFN-αA/D at doses of 75,000 IU/day or 150,000 IU/day resulted in inhibition of WiDr 
tumor growth.  Combination treatment with 75 mg/kg/day or 150 mg/kg/day of 5'-dFUrd resulted in enhanced antitumor activity, 
particularly at the higher dose of IFN-αA/D.  Synergy of this drug combination was confirmed by isobologram anal.  Anal. of PNPase 
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Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a novel fluoropyrimidine carbamate that was synthesized for the 
purpose of finding antitumor drugs with improved safety and efficacy profiles compared with those of 5-fluorouracil (5-FUra) and 
doxifluridine (5'-deoxy-5-fluorouridine, 5'-dFUrd).  The present study compared the antitumor activities of the compd. with those of 
other fluoropyrimidines in 12 human cancer xenograft models and their antimetastatic activities in murine tumor models.  The antitumor 
efficacy of capecitabine was greater than those of 5'-dFUrd, UFT (a mixt. of Tegafur and uracil) and 5-FUra.  Capecitabine was also 
much safer, particularly much less toxic to the intestinal tract, than the other compds., indicating higher therapeutic indexes.  The 
therapeutic indexes of capecitabine, 5'-dFUrd and 5-FUra were >40, >20 and 2.0 against the human CXF280 colon cancer xenograft, 
the most sensitive line to the fluoropyrimidines so far tested, and 5.1, 1.5, and <1.5 against the human HCT116 colon cancer 
xenograft with ordinary sensitivity, resp.  In addn., capecitabine, as well as 5'-dFUrd, selectively suppressed the spontaneous 
metastasis of mouse Lewis lung carcinoma in mice at extremely low doses, 32-64 fold lower than their min. ED (MED) against the 
primary tumor growth.  Capecitabine was even more antimetastatic than 5'-dFUrd.  These results indicate that capecitabine has high 
therapeutic potential.
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tumor by CPA administration was also confirmed in mice bearing a syngeneic murine mammary adenocarcinoma, A755.  In both 
models, combination therapy of 5'-dFUrd/capecitabine with CPA showed synergistic antitumor activity, without significant potentiation 
of toxicity.  In contrast, treatment with CPA and either 5-FUra or UFT (a mixt. of tegafur and uracil) in combination showed only 
additive activity.  Our results suggest that CPA and capecitabine/5'-dFUrd, both available for oral administration, would be good 
partners, and that clin. trials with this drug combination against breast cancer are warranted.
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Answer 23:

5'-Deoxy-5-fluorouridine (5'-DFUR) is believed to be metabolized to 5-fluorouracil (5-FU) by pyrimidine nucleoside phosphorylase 
(PyNPase).  PyNPase activity is reported to be higher in neoplastic tissues than in normal tissues, and this has been proposed as an 
explanation for the selective cytotoxicity of 5'-DFUR against tumors.  In the present study, PyNPase activity was measured in 95 
neoplastic and normal specimens from human digestive organ tissues.  In specimens from the esophagus, stomach, intestine and 
pancreas, PyNPase activity was higher in neoplastic tissues than in normal tissues.  However, PyNPase activity in non-malignant 
liver tissues, esp. cirrhotic liver tissues, was much higher than in the normal tissues of the other digestive organs.  PyNPase activity 
in non-malignant liver tissues was as high as in primary liver tumors, and PyNPase activity in metastatic liver tumors was lower than 
in primary tumors and non-malignant cirrhotic tissues.  The in vivo antitumor activities of oral 5'-DFUR and i.v. 5-FU were also 
assessed in 6 human digestive organ cancer xenograft lines transplanted s.c. in nude mice, and the relationship between the in vivo 
antitumor effects of 5'-DFUR and PyNPase activity in the tumors was assessed.  However, there was no statistically significant 
correlation between them.  Although the in vivo antitumor effect of i.v. 5-FU correlated significantly with the in vitro sensitivity of the 
tumors to 5-FU (assessed by DNA synthesis inhibition assay), the in vivo effects of 5'-DFUR did not correlate with the in vitro 
sensitivity to 5-FU.  It is suggested that: (a) the liver may be the major site for metabolizing 5'-DFUR to 5-FU, and (b) measuring 
PyNPase activity in the tumor may not be a useful indicator for chemotherapy with 5'-DFUR.
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Nude mouse transplanted human tumors retained original sensitivity to antitumor drugs, and was useful in secondary screening for the 
sensitivity to tumor chemotherapy.  Fresh tumor tissues were transplanted and maintained in nude mice in 77 cases (tried: 247 cases), 
and sensitivity of the transplanted tumors to chemotherapy was compared between human therapy and in nude mice using regimen 
used clin. in 17 cases with 21 expts. (stomach, breast, colon, pancreas, esophagus. melanoma).  Tested drugs were adriamycin, 
cisplatin, cyclophosphamide, cytarabine, dacarbazine, doxifluoridine, epirubicin, 5-fluorouracil, M-83 (a mitomycin C deriv.), mitomycin 
C, tegafur, and UFT.  Chemotherapy in nude mice was effective in 6 expts., which coincided with clin. results in 5 cases.  The 
ineffective 15 cases in nude mice coincided with the clin. results in all cases.
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levels in WiDr tumors, excised from mice treated with IFN-αA/D, demonstrated that the enzyme activity was increased by IFN-α in a 
dose-dependent manner.  Slight increases were also seen in normal liver and intestine from the same animals.  Thus, modulation of 
converting enzymes for anticancer prodrugs by cytokines could be a novel therapeutic strategy for combination therapy of colorectal 
cancer.
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Masahide; Fujita, Fumiko; Sakamoto, Yasuo; Sugimoto, Takuji; Shimozuma, Kojiro; Taguchi, Tetsuo.    Res. Inst. Microb. Dis.,  Osaka 
Univ.,  Suita,  Japan.    Gan to Kagaku Ryoho  (1991),  18(9),  1429-37.  CODEN: GTKRDX  ISSN: 0385-0684.  Journal  written in 
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Fluorinated pyrimidines given orally were examd. for their antitumor activity with 11 human cancer xenograft models (4 bladder, 4 
cervical and 3 ovarian cancers).  The drugs were evaluated to be effective when they inhibited tumor growth over 58%.  UFT was not 
effective against the 11 cancer xenografts tested.  5-Fluorouracil (5-FU) was effective against only 1 bladder cancer xenograft among 
6 cancer xenografts tested.  On the other hand, 5'-deoxy-5-fluorouridine (5'-DFUR) was effective against 1 bladder, 3 cervical and 1 
ovarian cancer xenografts.  The antitumor activity of 5'-DFUR was correlated with the enzyme activity of pyrimidine nucleoside 
phosphorylase, which is an essential enzyme for phosphorolysis of 5'-DFUR to 5-FU.
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5'-Deoxy-5-fluorouridine (5'-DFUR) is one of the oral fluoropyrimidines widely used in the treatment of gastric, colorectal and breast 
cancers in Japan.  5'-DFUR is converted to 5-fluorouracil by pyrimidine nucleoside phosphorylase in the tumor.  5'-DFUR has toxic 
effects on the intestine and may cause severe diarrhea.  Trimethoxybenzoyl-5'-deoxy-5-fluorocytidine (Ro09 1390) is a prodrug of 
5'-DFUR, which was developed to reduce the intestinal toxicity of 5'-DFUR.  The present study was designed to assess the antitumor 
activity and spectrum of Ro09-1390, and to compare its efficacy with that of 5'-DFUR.  Six digestive organ cancer xenograft lines 
(two gastric, one esophageal, one colorectal, one gall bladder and one bile duct cancers) were s.c. transplanted into nude mice.  The 
agents were orally administered daily for 14 days at doses of 0.08-0.64 mmol/kg (1-8 times the maximal clin. dose of 5'-DFUR).  Both 
5'-DFUR and Ro09-1390 significantly inhibited the growth of two gastric cancer lines, and the IC50's for Ro09-1390 in both lines were 
lower than the resp. values for 5'-DFUR.  The esophageal, colorectal, gall bladder and bile duct cancer lines, however, were resistant to 
both agents.  5'-DFUR at 0.64 mmol/kg significantly inhibited the growth of these cancers, but with high mortality, and most mice 
receiving this dose died within 14 days after the start of therapy, suffering from severe diarrhea and body wt. loss.  Ro09-1390 at the 
same dose resulted in low mortality, but evidenced similarly low antitumor activity.  These results suggest that Ro09-1390 may be a 
more beneficial antitumor fluoropyrimidine, at least in the treatment of gastric cancer, than 5'-DFUR.
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Oral administration of 5'-deoxy-5-fluorouridine (5'-DFUR) effectively inhibited tumor growth in 11/15 (73%) cancer lines: 5/7 (71%) 
gastric cancers; 2/3 (67%) colorectal cancers; 3/3 (100%) breast cancers; and 1/2 (50%) pancreatic cancers.  In some cases, 
shrinkage of tumors was noted without the occurrence of noticeable side-effects.  Growth inhibition of 80% was achieved in all but one 
(11/12, 92%) cancer line following combination chemotherapy with 5'-DFUR plus mitomycin C, at the highest dosage levels, compared 
with 5/12 (42%) tumors which responded to single drug therapy at the highest dosage level.  Moreover, tumor shrinkage was obsd. in 
7/12 (58%) tumor lines following 5'-DFUR plus mitomycin C combination therapy compared with 3/12 (25%) after single drug therapy.  
The synergistic effects of combination chemotherapy with 5'-DFUR plus vindesine, cisplatin, and methotrexate is reported.
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In human colon adenocarcinoma xenografts in mice, [6R,S]leucovorin (I) increased the pools of reduced folates, an effect that was 
reversed upon stopping its infusion.  I also increased the thymidylate synthase inhibition by 5-fluorouracil (II).  The results are 
discussed in relation to the antitumor activity of I plus II.
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The predictability of clin. responses to anticancer agents was studied using a human cancer-nude mouse panel.  The human cancer 
lines used were 12 gastric, 4 colorectal, 3 breast, 2 pancreatic cancers and 1 melanoma xenografted into BALB/c athymic nude mice.  
Treatment was conducted daily 25 times for antimetabolites, and intermittently 5 times once or twice a week for other drugs.  The 
dosage of each drug was the maximal tolerated dose predetd. for the treatment and schedule.  Four weeks after the initiation of 
treatment, the therapeutic effect was evaluated by the tumor growth inhibition rate (IR) based on the mean tumor wt.  When the IR was 
>58%, the drug was evaluated as effective.  The clin. response rate of each drug was referred from the result of a phase II study.  
Direct comparison of antitumor effects on 16 tumor xenografts with responses to the corresponding clin. therapy of each donor patient 
revealed a fairly high accordance rate (94%).  To elucidate the value of human cancer-nude mouse panel as a preclin. secondary 
screening, the response rates to 8 anticancer drugs used in 15 cancer xenografts were compared with the cumulative clin. data 
available for each drug.  Generally, the response rates of the human cancer xenografts to the drugs showed fairly good correlations 
with the cumulative clin. response rates to the corresponding drugs in the same organs.  Using this panel, preclin. examns. of 6 new 
agents under development, including 254-S and 2 cisplatin derivs., were performed in order to collect clin. data.
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Japanese.    CAN 115:269825    AN 1991:669825    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  
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The effectiveness of alternating chemotherapy with the combination regimens I [mitomycin C (MMC) and 5'-deoxy-5-fluorouridine 
(5'-DFUR)] and II [cisplatin(CDDP), 5'-DFUR, and vindesine(VDS)] was evaluated using 3 lines of cancer xenografts (breast, colon, 
and pancreas) in nude mice with special emphasis on relapse-free survival.  Results showed that cyclic delivery of two 
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Effects of alternating chemotherapy with 2 non-cross-resistant drug combinations on human alimentary and breast cancer 
xenografts in nude mice.     Fujita, Fumiko; Fujita, Masahide; Yamauchi, Teruo; Sakamoto, Yasuo; Shimozuma, Kojiro; Inaba, Hiizu; 
Taguchi, Tetsuo.    Res. Inst. Microb. Dis.,  Osaka Univ.,  Osaka,  Japan.    Gan to Kagaku Ryoho  (1987),  14(5, Pt. 1),  1297-304.  
CODEN: GTKRDX  ISSN: 0385-0684.  Journal  written in Japanese.    CAN 107:126598    AN 1987:526598    CAPLUS   (Copyright (C) 
2008 ACS on SciFinder (R))  
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The effects of exptl. combination chemotherapy with 5'-deoxy-5-fluorouridine (5'-DFUR) and mitomycin C (MMC) against 13 human 
gatrointestinal and breast cancer xenografts in BALB/c nude mice were evaluated in comparison with each of the single agent 
chemotherapy.  With single agent therapy, remarkable suppression with I.R (inhibition rate) ≥80% was obtained in 5 lines in each drug.  
In contrast, combined therapy achieved I.R (≥80% in every line except one (92%).  Besides, tumor shrinkage was obsd. in 7 lines in 
combination chemotherapy compared to 3 each in single agent therapies.  Consequently, synergistic effects were seen in 8 (62%) of 
13 lines examd.  Side effects in combination therapy were equiv. to or slightly less than the corresponding single agent therapy.
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Combination chemotherapy of human gastrointestinal and breast cancer xenografts in nude mice with 
5'-deoxy-5-fluorouridine and mitomycin C.     Fujita, Fumiko; Fujita, Masahide; Shimozuma, Kojiro; Taguchi, Tetsuo.    Res. Inst. 
Microb. Dis.,  Osaka Univ.,  Osaka,  Japan.    Nippon Gan Chiryo Gakkaishi  (1986),  21(7),  1386-96.  CODEN: NGCJAK  ISSN: 
0021-4671.  Journal  written in Japanese.    CAN 107:126609    AN 1987:526609    CAPLUS   (Copyright (C) 2008 ACS on SciFinder 
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Synergistic, additive, or subadditive antitumor effects were obsd. following the combined administration of interferon α-A/D with 
fluoropyrimidine derivs. (i.e., 5-FU, tegafur, and 5'-deoxy-5-fluorouridine, UFT, and 1-hexylcarbamoyl-5-fluorouracil) to athymic mice 
bearing human tumor xenografts (H-111 and SH-10 gastric cancers and CH-5 colon cancer).  The combinations were not effective 
against CH-4 colon cancer of human.
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Combined effects of interferon α-A/D with fluoropyrimidine derivatives in subrenal capsule assay.     Nishiyama, Masahiko; 
Takagami, Shinichi; Kirihara, Yoshimasa; Saeki, Toshiaki; Niimi, Ken; Kim, Ryungsa; Jinushi, Kazuto; Toge, Tetsuya; Niimoto, Minoru; 
Hattori, Takao.    Res. Inst. Nucl. Med. Biol.,  Hiroshima Univ.,  Hiroshima,  Japan.    Gan to Kagaku Ryoho  (1988),  15(8),  2285-90.  
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The chemosensitivity of human cancer lines is thought to be a result of contributions of various interacting factors.  Multiple regression 
analyses were performed in order to clarify the weighting of factors responsible for the chemosensitivity of 15 human cancers 
xenografted into nude mice.  Inhibition rates of 11 anticancer agents, predetd. sep. for each cancer line, were used as the criterion 
variables.  As the explanatory variables, 9 parameters characteristic of each cancer or cancer-bearing mouse were selected as follows: 
grade of differentiation, vascularity, percentage of necrosis, vol. doubling time, labeling index, lactic dehydrogenase (LDH) activity, 
tissue/serum LDH ratio, thymidine phosphorylase activity, and serum carcinoembryonic antigen.  By applying this anal. with stepwise 
deletion, the estd. multiple regression equations for drug sensitivity were detd. for each drug.  Although all equations were composed of 
different factors and their partial inhibition coeffs. varied from drug to drug, the equations for analogous drugs such as FT-207 and 
UFT, or mitomycin C and M-83, had similar factors.  The equations for M-83, ACNU, and adriamycin consisted of a no. of parameters 
with a sufficiently high coeff. of detn. of 80%.  Even for drugs such as methotrexate, that showed no significant factor upon simple 
correlation anal., an equation with 7 factors revealed a coeff. of detn. of 0.83.  The estd. values of effectiveness of these drugs 
showed marked coincidence with the actual values.  For some drugs, the in vivo mode of action was inferred through this anal.
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Evaluation by multiple regression analysis of factors influencing the chemosensitivity of human tumors xenografted into 
nude mice.     Fujita, Fumiko; Fujita, Masahide; Hirai, Toshihiro; Taguchi, Tetsuo.    Res. Inst. Microb. Dis.,  Osaka Univ.,  Osaka,  
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Combined applications of 4 drugs, vindesine (VDS), methotrexate (MTX), cisplatin (CDDP) and 5'-DFUR (5'-deoxy-5-fluorouridine) 
against 3 lines of human breast cancer (H-62, H-31, H-71), and one line each of gastric cancer (H-55) and colon cancer (H-110) 
xenografted into nude mice were evaluated in comparison with CAF (cyclophosphamide, adriamycin and 5-fluorouracil (5-FU) therapy 
which is commonly used for breast cancer.  Combination therapy with 3 drugs (VDS, CDDP and 5'-DFUR) or 4 drugs (VDS, CDP, MTX 
and 5'-DFUR) achieved a marked effect with tumor shrinkage in 3 lines of tumors (H-55, H-31 and H-62).  Moreover, remarkable 
effects were shown even in the other 2 lines which were insensitive to every single-agent therapy.  A synergistic effect was obtained 
in 3 of the 5 lines examd.  These combination therapies were histol. superior to therapies employing single-drug or CAF therapy.  The 
side effects for combination of these 3 or 4 drugs evaluated by body wt. loss were transient and equiv. to maximal dose of VDS or 
CDCP.
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Combination chemotherapy with three or four drugs on human breast and gastrointestinal cancer xenografts in nude mice 
(II).     Fujita, Fumiko; Fujita, Masahide; Sakamoto, Yasuo; Shimozuma, Kojiro; Inaba, Hiizu; Taguchi, Tetsuo.    Res. Inst. Microb.,  
Osaka Univ.,  Osaka,  Japan.    Gan to Kagaku Ryoho  (1987),  14(5, Pt. 1),  1252-9.  CODEN: GTKRDX  ISSN: 0385-0684.  Journal  
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non-cross-resistant drug combinations with optimal treatment doses and timing prevented toxic effects and induced long-term survival 
without relapse.
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Exptl. chemotherapies for 15 human cancers xenografted into nude mice were performed using 14 anticancer agents including 6 drugs 
in clin. use.  Treatment with each single agent was performed for every cancer line using the max. tolerated dose following continuous 
daily (antimetabolites) or intermittent (cytocidal agents) schedules.  Generally, the exptl. results for each drug on the xenografts was in 
good accordance with the known clin. effects of each drug on the same type of cancer.  On the other hand, individual cancer 
xenografts showed considerable differences in chemosensitivity.  Some tumors were sensitive to a majority of the drugs, whereas 
some were resistant to many of them.  Each cancer line seemed to retain individuality in its spectrum of chemosensitivity irresp. of 
whether it derived from the same organ or whether it was of similar histol. type.  Apparently, selection of drugs is necessary for a 
specific type of tumor.
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5'-Deoxy-5-fluorouridine (5-DFUR)(I)  [3094-09-5] was evaluated for antitumor activity against 4 murine tumors (L1210 leukemia, P388 
leukemia, Lewis lung carcinoma, and B16 melanoma) and a human mammary carcinoma (MX-1) xenografted in athymic mice.  I.p. 
administration of 5'-DFUR was ineffective against B16 melanoma implanted i.p. and showed less marked antitumor activity against 
P388 and L1210 leukemias implanted i.p. or i.v. as compared with that of 5-fluorouracil (5-FU) or 1-(2-tetrahydrofuryl)-5-fluorouracil 
(FT-207), whereas oral administration of 5'-DFUR showed a similar or superior antitumor activity to that of 5-FU or FT-207 against 
L1210 leukemia implanted s.c.  5'-DFUR showed a marked antitumor activity against MX-1 implanted s.c. and also showed slight 
antitumor activity against Lewis lung carcinoma implanted s.c. whereas 5-FU and FT-207 did not show any significant antitumor 
activity against these tumors.  Thus 5'-DFUR may be worthy of clin. trial against solid tumors, esp. cancers of the breast.  

 
Abstract
 

Antitumor activity of a new fluoropyrimidine derivative, 5'-deoxy-5-fluorouridine, against murine and human experimental 
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The effectiveness of 13 drugs against 14 lines of human gastrointestinal and breast cancers xenografted in nude mice was studied.  
Despite identical origins of organ and similarities in histol. types, degrees of differentiation, and growth rate, each line of cancer 
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Chemosensitivity of human gastrointestinal and breast cancer xenografts in nude mice and predictability to clinical 
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As a preclin. secondary screening trial, the efficacy of a new deriv. of 5-fluorouracil, 5'-deoxy-5-fluorouridine (5'-DFUR),  [3094-09-5] 
on 15 human cancers xenografted serially to nude mice of BALB/c background was evaluated in comparison with 2 other derivs., 
tegafur and UFT.  Oral administration of 123 mg/kg/day of 5'-DFUR, 25-30 times, produced effective inhibition in 5 out or 7 gastric 
cancers, 2 out of 3 colorectal cancers, all 3 of breast cancers and 1 out of 2 pancreatic cancers, totalling 11 out of 15 cancer lines 
(73%) examd.  In some cases shrinkage of tumors was noted without any noticeable side effects.  Although an increased dose of 185 
mg/kg/day of 5'-DFUR resulted in more prominent inhibition on all 9 tumors tested, some animals suffered from severe loss of body 
wt. or diarrhea.  Comparative expts. with equimolar doses of 5'-DFUR(123 mg/kg) and FT-207(100 mg/kg) showed that the inhibition 
rate of the former was higher than that of the latter in all 8 lines of cancers examd.  Six expts. in particular (2 gastric, 1 colorectal, 2 
breast and 1 pancreatic cancers), showed that 5'-DFUR statistically sustained more effective suppression.  Direct comparisons of 
5'-DFUR and UFT were also made in 5 expts. in which 3 cancers were more sensitive to the former drug.  Promising results in clin. 
trials can be expected with the new drug 5'-DFUR for these kinds of cancers.
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Effects of 5'-deoxy-5-fluorouridine on human gastrointestinal and breast cancers xenografted to nude mice.     Fujita, Fumiko; 
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In treatment of nude mice bearing human gastrointestinal and breast cancer xenografts with antitumor drugs (25-30 mg/kg/day), 
tegafur  [17902-23-7] was effective in 6 out of 15 human cancer lines (40%) and uracil-tegafur mixt. (UFT)  [74578-38-4] and 
5'-deoxy-5-fluorouridine (5'DFUR)  [3094-09-5] were both effective in 11 out of 15 lines (73%).  Among the 3 drugs, 5'DFUR led the 
most frequently to the shrinkage of treated tumors.
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Experimental chemotherapy with fluoropyrimidine compounds on human gastrointestinal and breast cancers xenografted to 
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Changes of gene expression of thymidine phosphorylase, thymidylate synthase, dihydropyrimidine 
dehydrogenase after the administration of 5'-deoxy-5-fluorouridine, paclitaxel and its combination in human 
gastric cancer xenografts.     Sakurai Yoichi; Yoshida Ikuo; Kamoshida Shingo; Inaba Kazuki; Isogaki Jun; Komori 
Yoshiyuki; Uyama Ichiro; Tsutsumi Yutaka    Department of Surgery, Fujita Health University School of Medicine, 
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Endogenous concns. of 5,10-methylenetetrahydrofolate (I)  [3432-99-3] in human colorectal adenocarcinoma xenografts were detd.  
Further, the ability of other folate derivs. to increase the formation of the ternary covalent complex between I, 3H-labeled 
5-fluorodeoxyuridylate (FdUMP) (II) and thymidylate synthetase (EC 2.1.1.45) was studied.  Concns. of I were low, ranging from 66 to 
233 nM in cell water.  tetrahydrofolate (FH4)  [135-16-0] and dihydrofolate (FH2)  [4033-27-6] increased complex formation, whereas 
5-formyltetrahydrofolate  [58-05-9] and 5-methyltetrahydrofolate (5-CH3FH4)  [134-35-0] decreased the covalent binding of 
[6-3H]-FdUMP in vitro.  Administration of FH4 or FH2 to tumor-bearing mice reduced subsequent formation of the covalent complex in 
vitro.  Since 5-CH3FH4 is a major deriv. of folate in mammalian tissues, its effect on the covalent binding of [6-3H]-FdUMP was 
examd. further; even in the presence of homocysteine  [6027-13-0] and cyanocobalamin (B12)  [68-19-9], the formation of the 
covalent complex was not increased.  The fate of [5-14CH3]-FH4 was subsequently examd. in vivo.  In tumors at 1 h after injection, 
72% of the radiolabel remained as [5-14CH3]-FH4, while 17% had been converted to 14C-labeled methionine or incorporated into 
protein.  By contrast, however, the incorporation of radiolabel into the protein fraction of liver was almost 30-fold greater at this time.  
At 4 h, radioactivity in tumors (dpm/g) and in the fraction assocd. with [5-14CH3]-FH4 was decreased by over 60%, whereas metab. 
was increased by only 13%.  No polyglutamate forms of [5-14CH3]-FH4 were detected in tumors at 4 h after treatment.  
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The effect of derivatives of folic acid on the fluorodeoxyuridylate-thymidylate synthetase covalent complex in human colon 
xenografts.     Houghton, Janet A.; Schmidt, Colleen; Houghton, Peter J.    Dep. Biochem. Clin. Pharmacol.,  St. Jude Child.'s Res. 
Hosp.,  Memphis,  TN,  USA.    European Journal of Cancer & Clinical Oncology  (1982),  18(4),  347-54.  CODEN: EJCODS  ISSN: 
0277-5379.  Journal  written in English.    CAN 97:156038    AN 1982:556038    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  
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demonstrated different spectra of sensitivity to various agents.  The effectiveness of various chemotherapeutic agents against 
human gastric cancer xenografts in nude mice was compared with the clin. effects of these drugs in clin. trials and phase II studies.  
The results indicated that the nude mouse-human cancer system would be useful in preclin. secondary screening.
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The Hollow Fibre Assay (HFA) is usually applied as an early in vivo model for anti-cancer drug screening, but is 
potentially an excellent model for short-term in vivo pharmacodynamic studies.  We used the model to study the in vivo 
role of thymidine phosphorylase/platelet-derived endothelial cell growth factor (TP/PD-ECGF) in the cytotoxicity and 
pharmacodynamics of TAS-102 in colon cancer cells.  TAS-102 is a new oral drug formulation, which is composed of 
trifluorothymidine (TFT) and thymidine phosphorylase inhibitor (TPI), which prevents TFT degradation.  We compared the 
activity with Xeloda (capecitabine), which is activated by TP into 5FU.  Hollow fibres filled with human Colo320 or 
Colo320TP1 colorectal cancer cells with deficient or high TP expression, respectively, were implanted subcutaneously 
(s.c.) at both flanks of BALB/c mice.  The mice were treated orally over 5 days with TAS-102, TFT alone, 5'DFUR+/-TPI 
or capecitabine at their maximum tolerated dose (MTD).  The cells were retrieved from the fibres and assayed for growth 
(MTT assay), cell cycle distribution (flow cytometry) and apoptosis induction (FragEL method).  TAS-102 induced 
considerable growth inhibition (50%, P<0.01) to both cell lines, which was completely abolished in the absence of TPI.  
Capecitabine and its metabolite 5'DFUR reduced proliferation of Colo320TP1 cells in the fibres significantly (down to 
25-40%), but much less in Colo320 cells, whereas addition of TPI reduced the effect of 5'DFUR, although not completely.  
These differences in cytotoxic effects were reflected in the pharmacodynamic evaluation.  TAS-102 induced a 
G2M-phase arrest (from 25 to 40%) and apoptosis (>8-fold), which was more pronounced in Colo320 than in Colo320TP1.  
Again, omission of TPI neutralised the effect of TAS-102.  Similarly, 5'DFUR and capecitabine induced a significant 
G2M-phase arrest (up to 45%) in the Colo320TP1 cell line, but less pronounced in the parental Colo320.  Addition of TPI to 
5'DFUR reduced this effect to control levels.
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BACKGROUND: Although a variety of combination chemotherapies has been tested in gastric carcinoma, the most 
effective chemotherapeutic regimen and the precise mechanisms underlying anticancer agent combination have not yet 
been sufficiently elucidated.  MATERIALS AND METHODS: Experimental chemotherapy was performed using human 
gastric carcinoma xenografts, MKN-45 and TMK-1, to examine the anticancer effects and gene expressions of the 
enzymes involved in 5-fluorouracil metabolism, thymidine phosphorylase (dThdPase), thymidylate synthase (TS) and 
dihydropyrimidine dehydrogenase (DPD).  Nude mice were treated with 5'-deoxy-5-fluorouridine (5'-dFUrd), or paclitaxel 
alone or in combination.  The in vivo antitumor effects on gene expressions of the enzymes were examined using the 
quantitative real-time RT-PCR method.  RESULTS: The combined use of 5'-dFUrd and paclitaxel showed additive to 
synergistic antitumor effects on both gastric cancer xenografts.  There were significant differences of the gene 
expressions of dThdPase, TS, and DPD between the xenografts.  The expression of dThdPase mRNA was consistently 
up-regulated by the administration of paclitaxel, while no constant direction of TS mRNA and DPD mRNA change was 
found in the xenografts.  CONCLUSION: A synergistic antitumor effect of the combined administration of 5'-dFUrd and 
paclitaxel was found in gastric cancer xenografts and up-regulation of dThdPase mRNA may be an important underlying 
mechanism especially in tumors with high gene expression of this enzyme.
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gamma-Hydroxybutyric acid and 5-fluorouracil, metabolites of UFT, inhibit the angiogenesis induced by 
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 CONCLUSION: Consistent synergistic interactions of trastuzumab plus carboplatin, 4-hydroxycyclophosphamide, 
docetaxel, or vinorelbine across a wide range of clinically relevant concentrations in HER2-overexpressing breast cancer 
cells indicate that these are rational combinations to test in human clinical trials.

BACKGROUND: Trastuzumab, a humanized anti-HER2 antibody, increases the clinical benefit of first-line chemotherapy 
in patients with metastatic breast cancers that overexpress HER2.  We characterized interactions between trastuzumab 
and chemotherapeutic agents commonly used in the treatment of breast cancer.  METHODS: Multiple drug 
effect/combination index isobologram analysis was used to study the efficacy of chemotherapeutic drug plus 
trastuzumab combinations tested against four HER2-overexpressing breast cancer cell lines (SK-BR-3, BT-474, 
MDA-MB-361, and MDA-MB-453).  Combination index values were derived from parameters of the median effect plots, 
and statistical tests were used to determine whether the mean combination index values at multiple effect levels were 
statistically significantly different from a combination index value of 1.0.  Values less than 1.0 indicate synergistic 
interactions, values greater than 1.0 indicate antagonistic interactions, and values equal to 1.0 indicate additive 
interactions.  RESULTS: At a wide range of clinically achievable drug concentrations, synergistic interactions were 
observed in all four breast cancer cell lines for trastuzumab plus carboplatin (mean combination index values ranged from 
0.32 [P<.001] to 0.53 [P<.001]), 4-hydroxycyclophosphamide (mean combination index values ranged from 0.38 [P<.001] 
to 0.73 [P =.010]), docetaxel (mean combination index values ranged from 0.30 [P<.001] to 0.62 [P<.001]), and vinorelbine 
(mean combination index values ranged from 0.24 [P<.001] to 0.78 [P<.034]).  Additive interactions were observed in all 
four cell lines with trastuzumab plus doxorubicin, epirubicin, and paclitaxel.  Interactions between trastuzumab and 
gemcitabine were synergistic at low concentrations of gemcitabine and antagonistic at high concentrations.  A synergistic 
interaction was observed with a three-drug combination of docetaxel plus carboplatin plus trastuzumab in SK-BR-3 cells 
(mean combination index value = 0.09; P<.001).
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Rational combinations of trastuzumab with chemotherapeutic drugs used in the treatment of breast cancer.     
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 Also induction of apoptosis was reduced in the presence of TPI.  The data demonstrated that the HFA is excellently 
suited for studying short-term pharmacodynamic effects of fluoropyrimidines in vivo.  TAS-102 is only effective in 
inducing cytotoxicity when systemic TPI is present, but acts against both low and high TP expressing colon cancer cells, 
while 5'DFUR needs cellular TP to exert significant activity.
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The purpose of the present study was to examine directly the role of thymidine phosphorylase (TP) in the sensitivity of 
renal cell carcinoma (RCC) to a novel fluoropyrimidine carbamate, capecitabine.  TP cDNA-transfected RCC are used in 
these experiments to provide a basis for improved therapeutic benefit in chemoimmunotherapy.  Human RCC line KU2 
cells were transfected with pcDNA3.1/zeo(+) with or without human TP cDNA by the lipofectin method.  We established a 
clone transfected with pcDNA3.1/zeo(+)/TP (KU2-TP15) and a clone transfected with pcDNA3.1/zeo(+) as a control 
(KU2-C1).  TP expression levels (mean +/- SD) examined by enzyme-linked immunosorbent assay (ELISA) were 1.3 +/- 
0.14 U/mg protein in KU2, 1.6 +/- 0.57 U/mg protein in KU2-C1 and 216 +/- 25.6 U/mg protein in KU2-TP15.  
Immunohistochemical staining of subcutaneous tumors established in Balb/c nu/nu mice showed that KU2-TP15 was 
strongly positive for TP expression, whereas KU2 and KU2-C1 were negative.  Sensitivities in vitro to 5-fluorouracil 
(5FU), 5'-deoxy-5-fluorouridine (5'DFUR) and capecitabine in KU2-TP15 were significantly enhanced compared with those 
in KU2 or KU2-C1.  A moderate but statistically significant bystander effect was observed in vitro.  KU2-TP15 tumors 
showed significant increase in the in vivo sensitivities to 5'DFUR and capecitabine as compared with the vehicle alone 
while KU2-C1 tumors did not.  The difference in tumor-free rate in mice bearing KU2-TP15 at 2 months after the cessation 
of treatment was statistically significant between the capecitabine treatment group and the controls, the 5FU treatment 
group and the 5'DFUR treatment group.  The present study clearly provides direct evidence for the role of TP in 
mediating the sensitivity of RCC to capecitabine.  Copyright 2001 Wiley-Liss, Inc.
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UFT, a drug composed of uracil and tegafur at the molar ratio of 4:1, is an orally active agent for the treatment of a wide 
variety of malignant tumours.  Using a murine dorsal air sac (DAS) assay, we have previously shown that UFT and its 
metabolites, gamma-hydroxybutyric acid (GHB) and 5-fluorouracil (5-FU), inhibited the angiogenesis induced by murine 
renal cell carcinoma.  Here we report that UFT was more effective than other fluorinated pyrimidines such as 5-FU and 
doxifluridine (5'-DFUR) in blocking the angiogenic responses elicited by five human cancer cell lines which produced high 
levels of vascular endothelial growth factor (VEGF), but no detectable fibroblast growth factor-2 (FGF-2) in vitro.  In 
contrast, UFT was unable to block the angiogenic response to one human gastric cancer cell line which produced both 
VEGF and FGF-2 in vitro.  However, the production or secretion of VEGF by these cells was unaffected by GHB and 
5-FU treatment.  Interestingly, GHB suppressed the chemotactic migration and tube formation of human umbilical vein 
endothelial cells (HUVECs) stimulated by VEGF, without inhibiting their DNA synthesis.  Since GHB did not affect the 
FGF-2-driven activities in HUVECs, its action appears to be VEGF-selective.  On the other hand, 5-FU inhibited DNA 
synthesis and migration of HUVECs stimulated by both VEGF and FGF-2, and tube formation driven by VEGF, 
suggesting that 5-FU is cytotoxic to endothelial cells.  The inhibitory effects of 5-FU, and especially those GHB, were 
reproduced under in vivo condition using the DAS assay.  The VEGF-mediated angiogenesis was significantly inhibited by 
UFT, 5-FU, and especially by GHB.  We propose that the selective inhibitory effects of GHB on VEGF-mediated 
responses of endothelial cells are involved in the anti-angiogenic activity of UFT.
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Positive correlation between the efficacy of capecitabine and doxifluridine and the ratio of thymidine 
phosphorylase to dihydropyrimidine dehydrogenase activities in tumors in human cancer xenografts.     

 
Bibliographic Information
 
Answer 46:

Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a novel oral fluoropyrimidine carbamate, which is 
converted to 5-fluorouracil (5-FU) selectively in tumours through a cascade of three enzymes.  The present study 
investigated tissue localisation of the three enzymes in humans, which was helpful for us to design the compound.  
Carboxylesterase was almost exclusively located in the liver and hepatoma, but not in other tumours and normal tissue 
adjacent to the tumours.  Cytidine (Cyd) deaminase was located in high concentrations in the liver and various types of 
solid tumours.  Finally, thymidine phosphorylase (dThdPase) was also more concentrated in various types of tumour 
tissues than in normal tissues.  These unique tissue localisation patterns enabled us to design capecitabine.  Oral 
capecitabine would pass intact through the intestinal tract, but would be converted first by carboxylesterase to 
5'-deoxy-5-fluorocytidine (5'-dFCyd) in the liver, then by Cyd deaminase to 5'-deoxy-5-fluorouridine (5'-dFUrd) in the liver 
and tumour tissues and finally by dThdPase to 5-FU in tumours.  In cultures of human cancer cell lines, the highest level 
of cytotoxicity was shown by 5-FU itself, followed by 5'-dFUrd.  Capecitabine and 5'-dFCyd had weak cytotoxic activity 
only at high concentrations.  The cytotoxicity of the intermediate metabolites 5'-dFCyd and 5'-dFCyd was suppressed by 
inhibitors of Cyd deaminase and dThdPase, respectively, indicating that these metabolites become effective only after 
their conversion to 5-FU.  Capecitabine, which is finally converted to 5-FU by dThdPase in tumours, should be much 
safer and more effective than 5-FU, and this was indeed the case in the HCT116 human colon cancer and the MX-1 
breast cancer xenograft models.
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The purpose of this study was to evaluate the usefulness of 22-oxacalcitriol (OCT) in the treatment of estrogen receptor 
(ER)-negative breast cancer.  The antitumor effect of this agent and its effect combined with doxifluridine (5'-DFUR) on 
MDA-MB-231 tumors in female athymic mice were investigated.  We also examined the effect of OCT on the expression 
of vascular endothelial growth factor (VEGF) which had been reported to generate angiogenesis in tumors.  OCT 
significantly suppressed the growth of tumors without inducing hypercalcemia in a dose dependent manner.  The effect of 
OCT combined with 5'-DFUR did not exceed the effect of a single agent therapy.  The expressions of VEGF analyzed by 
enzyme-linked immunosorbent assay were significantly decreased in the OCT-treated group.  These results suggest that 
OCT may partially suppress tumor growth by inhibiting neovascularization and it would likely have positive application as 
a treatment of ER-negative breast cancer.
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Efficacy of long-term combination chemotherapy of cyclophosphamide (CPA) and 5'-deoxy-5-fluorouridine (5'-DFUR), 
both of which have been widely used as chemotherapeutics against breast cancer patients, was examined in a mammary 
tumor xenograft model, MX-1. 5'-DFUR suppressed the tumor growth over a long period and prolonged the survival, 
although it did not reduce the initial tumor burden, CPA induced the disappearance of the tumor burden temporarily.  
However, CPA became inaffective despite continuation of treatment, and induced the recurrence of the tumor.  The 
combination of these two drugs dramatically reduced the tumor burden, and suppressed the recurrence of the tumor over 
a long period.  The tumor recurring during CPA monotherapy was resistant to CPA but susceptible to 5'-DFUR, which 
could be a reason for the long-lasting activity of the combination therapy.  These results indicate that CPA and 5'-DFUR 
monotherapies have different modes of antitumor activities in the long-term therapy model, and that these drugs in 
combination would have better therapeutic advantage than each drug given individually.
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Capecitabine (N4-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine) is a new fluoropyrimidine carbamate, which is converted to 
5-fluorouracil (5-FUra) selectively in tumors through the intermediate metabolite 5'-deoxy-5-fluorouridine (5'-dFUrd, 
doxifluridine). 5'-dFUrd is metabolized to 5-FUra by thymidine phosphorylase (dThdPase) located in high levels in various 
types of solid tumors from patients, whereas 5-FUra generated is catabolized to dihydrofluorouracil by dihydropyrimidine 
dehydrogenase (DPD).  The present study investigated whether the efficacy of capecitabine and its intermediate 
metabolite 5'-dFUrd correlates with levels of these enzymes in various human cancer xenograft models.  Capecitabine 
and 5'-dFUrd were highly effective and inhibited tumor growth by more than 50% in 18 of 24 xenograft lines (75%) and 15 
of 24 xenograft lines (63%), respectively, whereas 5-FUra and a mixture of tegafur and uracil were effective only in 1 of 
24 (4.2%) and 5 of 24 (21%), respectively.  The efficacy of capecitabine correlated with dThdPase activity.  However, 
capecitabine was effective even in tumors with lower levels of dThdPase if DPD levels were also lower.  In contrast, it 
was not as effective even in tumors with sufficient levels of dThdPase if DPD levels were very high.  The efficacy of 
capecitabine consequently correlated very well with and depended on the ratio of these two enzymes in tumors.  These 
results indicate that capecitabine might exert its efficacy through 5-FUra generated in tumor tissues but not through that 
generated in normal organs.  On the other hand, there was no correlation between the efficacy of a mixture of tegafur and 
uracil and these enzyme activities in tumors.  The efficacy of capecitabine would be optimized by selecting patients who 
have tumors with a high ratio of dThdPase to DPD activities.
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Fluoropyrimidine metabolism in human head and neck cancer xenografts and murine colon tumors.     
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5'-Deoxy-5-fluorouridine (doxifluridine) is a prodrug of 5-fluorouracil (5FU) selectively activated by tumor cells.  Since in 
clinical studies the side effects of doxifluridine differed after intravenous (i.v.) or oral administration, and oral route was 
the most promising in preclinical studies with murine models, in this study the drug was tested orally against a panel of 
human colorectal tumor xenografts with varying degrees of sensitivity to 5FU.  Doxifluridine efficacy was comparable to 
that of 5FU when it was delivered according to a weekly schedule, but it was statistically higher when it was delivered 
more frequently.  Impressive tumor inhibition (between 90 and 97%) was achieved in 4 out of 5 tumor lines after 
treatments delivered twice a week or daily 5 times a week.  No difference in 5FU activity was observed between weekly 
and biweekly treatments, or between oral and i.v. injections.  Moreover, in one tumor line in which different dosages of 
doxifluridine were investigated, a marked antitumor effect was obtained with a wide range of tolerated doses (4000-8000 
mg/kg).  Overall, these data indicated that doxifluridine is well tolerated when given orally and frequently.  Using an 
adequate schedule, the prodrug has a better therapeutic efficacy against a variety of human colon cancer models than 
5FU.
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Combination chemotherapy with FUra and LV has been reported as a useful treatment for patients suffering from colon 
carcinoma.  Usually, both FUra and LV are administered by intravenous infusion, but not orally.  UFT, an anti-neoplastic 
agent consisting of FT and uracil, is widely used for oral administration in Japan.  Using human tumor xenografts of 10 
cell lines, we evaluated the efficacy of UFT combined with l-LV, which is the active form of LV, by oral administration.  
Combined treatment of UFT with l-LV was more effective than UFT alone on the growth suppression of colon carcinoma 
(KM 20 C, Col-1) and mammary carcinoma (H-31, MX-1).  When 1.85 mg/kg (5.55 mg/m2) of LV was given to tumor 
bearing mice, the antitumor activity of UFT was augmented and at a dose of 5.56 mg/kg (16.7 mg/m2) of LV, it was 
significantly augmented.  Among various 5-FU derivatives, such as UFT, 5'-DFUR or FUra, combined treatment using 
UFT with l-LV was the most effective by oral administration. l-LV did not improve the anti-tumor efficacy or toxicity of 
5'-DFUR. l-LV seemed to augment the anti-tumor activity of FUra, but not significantly.  These results suggest that 
combination chemotherapy of UFT with LV is a promising approach for the clinical treatment of human colon cancer.
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Four human head and neck xenograft (HNX) tumour lines grown in nude mice and two murine colon carcinomas (Colon 26 
and 38) were tested for their sensitivity to 5-fluorouracil (5-FU) and its prodrug 5'deoxy-5-fluorouridine (Doxifluridine, 
5'd-FUR). 5-FU sensitivity at the maximum tolerated dose (MTD) showed the following pattern; HNX-DU less than 
HNX-KE = HNX-E = HNX-G less than Colon 26 much less than Colon 38.  The sensitivity pattern to 5'd-FUR was: 
HNX-DU less than HNX-G less than HNX-E less than HNX-KE less than Colon 38 less than Colon 26.  For HNX-KE, 
HNX-E and Colon 26 an increase in therapeutic efficacy was observed with 5'd-FUR as compared to 5-FU; Colon 38 was 
as sensitive to 5'd-FUR as to 5-FU.  Plasma pharmacokinetics of 5'd-FUR and 5-FU were comparable in normal and nude 
mice.  Metabolism of 5-FU and 5'd-FUR was studied in the tumours.  Conversion of 5'd-FUR to 5-FU was highest in 
Colon 26 and 15-20 times lower in HNX-DU, HNX-KE and Colon 38.  The Km for 5'd-FUR in all tumours was 1-2 mM.  
Further anabolism of 5-FU to fluorouridine (FUR) was 5-10 times higher than that of 5-FU to FUR in HNX tumours and 3 
times in the colon tumours. 5-FU conversion to FUMP via FUR had the following pattern: Colon 26 much greater than 
HNX-DU greater than HNX-G greater than HNX-E greater than HNX-KE much greater than Colon 38; of 5-FU to FdUMP 
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The antiproliferative effects of the fluoropyrimidine derivatives, 5-fluorouracil (5-FU), 1-(2-tetrahydrofuryl)-5-fluorouracil 
(Tegafur), UFT, 1-hexylcarbamoyl-5-fluorouracil (HCFU), and 5'-deoxy-5-fluorouracil (5'DFUR), were investigated in a 4 
day subrenal capsule assay.  The antiproliferative effects against two human tumor xenografts established in athymic 
mice were examined after treatment with three different doses of each anticancer agent, and the adequate dose of each 
anticancer agent in this experimental system was estimated as: 473 mg/kg for Tegafur, 433 mg/kg for UFT, 50 mg/kg for 
HCFU and 185 mg/kg for 5'DFUR, respectively.  A comparative study of the antiproliferative effects of fluoropyrimidine 
derivatives was carried out against 7 xenografts.  According to our criteria of positive tumor response, the effective rates 
were: 1 of 7 (14.3 per cent) by 5-FU, 2 of 7 (28.6 per cent) by Tegafur, 2 of 7 (28.6 per cent) by UFT, 1 of 6 (16.7 per 
cent) by HCFU, and 1 of 4 (25.0 per cent) by 5'DFUR, respectively.  Although no statistical differences were 
demonstrated between the agents, the utility of a chemosensitivity test before clinical use was suggested.
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A combined efficacy of the polyamine antimetabolites, alpha-difluoromethylornithine (DFMO) and 
methylglyoxal-bis-guanylhydrazone (MGBG) with two fluorinated pyrimidines was studied.  DFMO, MGBG, 5-FU and 
5'-deoxy-5-fluorouridine (5'-DFUR) were administered intraperitoneally to BALB/c nu/nu mice bearing xenotransplanted 
human gastric cancer for 5 consecutive days.  Similar antitumor efficacies were observed in 3 groups treated with DFMO 
plus MGBG, DFMO, MGBG plus 5-FU as well as DFMO, MGBG plus 5'-DFUR.  The two groups on 5-FU or 5'-DFUR alone 
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Antitumor therapies using polyamine antimetabolites combined with 
1-(4-amino-2-methyl-5-pyrimidyl)methyl-3(2-chloroethyl)-3-nitrosourea (ACNU) or fluorinated pyrimidines for human 
gastric cancer xenotransplanted into nude mice were studied to determine inhibiting post-therapeutic regrowth of the tumor 
after cessation of antitumor treatments with polyamine antimetabolites alone.  ACNU 20 mg/kg, fluorinated pyrimidine, 
5-FU 52.8 mg/kg and 5'-deoxy-5-fluorouridine (5'-DFUR) 100 mg/kg as well as polyamine antimetabolites, 
alpha-difluoromethylornithine (DFMO) 1000 mg/kg and methylglyoxal-bis-guanylhydrazone (MGBG) 50 mg/kg were given 
intraperitoneally for 5 successive days.  When DFMO and MGBG were combined with ACNU, the post-therapeutic 
regrowth was definitely inhibited, while combined treatments with 5-FU or 5'-DFUR did not inhibit the regrowth.  
Post-therapeutic DNA biosynthesis was suppressed in mice given DFMO, MGBG plus ACNU.  On the contrary, in mice 
treated with DFMO, MGBG plus 5-FU or 5'-DFUR, suppression of DNA biosynthesis was not observed.  Tumor tissue 
spermine levels in the DFMO, MGBG plus 5-FU or 5'-DFUR group remained unchanged, compared to those in the DFMO 
+ MGBG group.  In mice given DFMO, MGBG plus ACNU, however, spermine levels were markedly depressed; and the 
ACNU alone depressed also the tissue spermine levels.  These different results between nitrosourea and fluorinated 
pyrimidines may relate to mechanisms of action of these antitumor drugs.
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further anabolism of 5-FU catalysed by OPRT may be limiting and explain the differential sensitivity.

via FUdR: Colon 26 greater than HNX-DU = HNX-KE greater than HNX-E greater than HNX-G = Colon 38; and that of 
5-FU to FUMP catalysed by orotate phosphoribosyl transferase (OPRT); Colon 26 greater than or equal to Colon 38 
greater than HNX-KE greater than HNX-E = HNX-DU = HNX-G.  Only those tumours with a relatively high activity of 
OPRT were sensitive to 5'd-FUR.  Colon 26, which has a very high rate of pyrimidine nucleoside phosphorylase, showed 
a relatively high increase in the therapeutic efficacy.  It is concluded that a low rate of pyrimidine nucleoside 
phosphorylase is enough to convert 5'd-FUR to 5-FU;
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did not differ in antitumor effects from the control, although reasonable levels of 5-FU were involved in tumor tissues.  
Hepatic and splenic 5-FU levels after 5-FU administration were significantly higher than those after 5'-DFUR, and marked 
decrease in mouse body weight was caused by 5-FU alone as well as 5-FU plus polyamine antimetabolites for 5 
consecutive days.  DNA biosynthesis and spermine levels in the tumor tissues on day 2 after cessation of the 
treatments dropped in 3 groups with DFMO plus MGBG, DFMO, MGBG plus 5'-DFUR as well as DFMO, MGBG plus 5-FU, 
while on day 6 there was little difference between the control and treated groups.  These data suggest that combination 
with 5-FU or 5'-DFUR does not enhance the antitumor activity of polyamine antimetabolites by this experimental regimen.
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